Purpose The purpose of the study is to assess the qualityof-life scores and possible association with measures of ovarian reserve in female cancer survivors compared to healthy controls of similar age. Methods In this prospective cohort study, fifty-nine cancer survivors aged 16-39 years and 66 healthy, similarly aged unexposed women were recruited at the University of Pennsylvania. The primary outcome measures are the generic and cancer-specific domain scores on the Quality of Life in Adult Cancer Survivors (QLACS) instrument, early follicular phase serum hormones, follicle-stimulating hormone (FSH), luteinizing hormone (LH), estradiol (E2), inhibin B (INH), anti-Mullerian hormone (AMH), and ovarian ultrasound measurements [ovarian volume and antral follicle count (AFC)]. Results Cancer survivors had significantly higher total and cancer-specific domain scores compared to unexposed participants. Serum AMH, INH, ovarian volume, and AFC were lower while serum FSH was higher in cancer survivors. Although survivors exhibited diminished ovarian reserve, these markers were not independently associated with total QLACS score. Cancer survivors with irregular menstrual function were found to have lower quality-of-life (QOL) scores than those with regular cycles. Conclusions We found that QOL appears to be significantly impaired in cancer survivors compared to controls, even when remote from initial cancer diagnosis. In addition, our study suggests that reproductive aging contributes to QOL in the setting of irregular menses and likely profound impairment of ovarian function.
Introduction
Survival rates from cancer have steadily increased over the past 40 years. Improved survival is largely due to better understanding of cancer biology, early detection methods, and advances in cancer therapeutics. However, the immediate and late effects of cancer and its treatment remain areas of concern for survivors. Despite promising advances in cancer treatment, quality of life (QOL) for cancer survivors appears to be impaired well beyond the completion of treatment [1] . Oftentimes, reproductive and sexual organs are impacted by cancer therapy, and may result in impaired psychosocial and sexual functioning [2, 3] . Furthermore, life-saving treatments may also delay childbearing and cause infertility or premature ovarian failure, thus reducing the chances of having biological children in the future. Indeed, a number of studies from survivor cohorts have demonstrated that long-term cancer survivors have fewer marriages and offspring [4, 5] .
While this reproductive impairment is well documented, there are limited data exploring exactly how it affects QOL in reproductive-aged survivors. Aside from concerns about future fertility, it is unclear whether the physiologic reproductive changes that result from gonadotoxic therapies have an independent effect on quality of life. Studies suggest that cancer survivors have impaired ovarian reserve similar to late-reproductive-aged women approaching menopause [6] . Given the abundant data concerning the psychosocial impact of ovarian aging [7] , we sought to determine whether QOL impairment in cancer survivors could be tied to impairment in ovarian reserve. We compared the QOL of cancer survivors to similar-aged healthy controls and attempted to determine whether there was an association between QOL and measures of ovarian reserve. We hypothesized that impaired measures of ovarian reserve may be associated with decreased measures of quality of life in some domains.
Materials and methods
This study is part of an ongoing prospective cohort study at the University of Pennsylvania (Penn) comparing annual measures of ovarian reserve between females exposed to chemotherapy and similarly aged healthy unexposed females [6] . This report compares measures of quality of life and ovarian reserve from the first assessment between these two groups.
Participants
Reproductive-aged cancer survivors were recruited from the Children's Hospital of Philadelphia Survivorship Program and the Transition Program at Penn's Living Well after Cancer Program during 2006-2010. Inclusion criteria were (1) chemotherapy treatment, (2) at least 1 year from cancer treatment with no evidence of disease, (3) age 15-39 years, (4) postmenarchal, and (5) the presence of uterus and both ovaries. Exclusion criteria included a history of a brain or ovarian tumor, pregnancy or lactation within 3 months, hormonal contraception or hormone therapy within 4 weeks, and any medical condition other than cancer associated with ovarian dysfunction.
Unexposed, reproductive-aged controls of similar age to cancer survivors were identified through health practices affiliated with Penn and advertising. Controls were postmenarchal, with regular menstrual cycles (21-35 days), the presence of uterus and both ovaries. Exclusion criteria were the same as for survivors. This analysis was restricted to Caucasian participants.
The institutional review board at the University of Pennsylvania approved this study, and informed consent was obtained from all participants. Study visit occurred on days 1-4 of the menstrual cycle. Participants discontinued exogenous hormones for at least 4 weeks and were seen during the subsequent menstrual cycle. Cancer survivors with irregular cycles or no menses for 6 weeks after discontinuing hormones were seen any time.
Questionnaires
During a structured interview, detailed information was collected regarding demographics, medical history, menstrual characteristics, pregnancies, infertility history, contraception, medications, and substance use. Participants were given a menstrual diary and provided the dates of the two most recent menstrual cycles during the interview. Cycle length was calculated as the interval between the two most recent menstrual cycles.
Cancer treatment
Exposure data were obtained by abstracting medical records. Treatment was summarized for chemotherapeutic type, duration, cumulative dose; radiation dose and location; type of bone marrow transplantation (BMT); and surgery. Chemotherapies categorized as alkylating agents included carmustine, busulfan, lomustine, chlorambucil, cyclophosphamide, ifosfamide, melphalan, nitrogen mustard, procarbazine, and thiotepa. Alkylating agent dose scores (AAD) were determined by assigning a score ranging from 1 to 3 for each agent received and summing the scores over each agent received. We utilized previously published cutoff points to define the scores [8] .
Quality-of-life instrument
For this study, we administered the Quality of Life in Adult Cancer Survivors (QLACS) instrument to all participants. The QLACS is a 47-item self-reported questionnaire designed to assess health-related quality of life among long-term cancer survivors [9] [10] [11] . There are 5 cancerspecific domains (appearance concerns, financial problems, distress recurrence, distress family, and benefits of cancer) along with 7 generic domains (negative feelings, positive feelings, cognitive problems, sexual problems, physical pain, fatigue, and social avoidance). Each item is rated on a 7-point Likert scale (1 = never, 7 = always). The QLACS has demonstrated good internal consistency (Cronbach's alpha C0.72 for each domain) [10] . Scores are inversely related to quality of life, such that higher scores reflect worse quality of life.
Physical examination
Height and weight were measured for calculating body mass index (BMI).
Pelvic ultrasonography
Uterine volume, ovarian volume, and antral follicle counts (AFC) were determined by ultrasonography. Measurements were taken using a Siemens Sonoline G50 machine, 6.8-MHz probe. Transvaginal ultrasonography was preferred, though transabdominal ultrasound was performed in participants uncomfortable with the transvaginal approach. Uterine and ovarian volumes were calculated using the ellipse formula (A 9 B 9 C 9 0.5233). Antral follicle count was determined for participants undergoing transvaginal ultrasonography when both ovaries were visualized and was defined as the number of follicles between 2 and 10 mm in average diameter.
Hormone analysis
Serum hormones were measured at Penn's Clinical Translational Research Center using LH, FSH, E2 Coat-ACount kits (Diagnostic Products Corporation), inhibin B, and AMH ELISA kits (Diagnostic Systems). The FSH assay's range is 1.5-100 mIU/mL, with sensitivity of 0.7 mIU/mL and inter-and intra-assay coefficients of variation (COV) \6 and 4 %, respectively. The LH assay's range is 1.5-200 mIU/mL, with sensitivity of 0.05 mIU/mL and inter-and intra-assay COV 3.6 and 6.7 %, respectively. The E2 range is 20-3,600 pg/mL, with a sensitivity of 7 pg/mL and inter-and intra-assay COV \8.1 and 7 %, respectively. The inhibin B ELISA's range is 10-531 pg/mL, with sensitivity of 7 pg/mL and inter-and intra-assay COV \8 and \6, respectively. The AMH ELISA's range is 0.05-10.0 ng/mL, with a sensitivity of 0.025 ng/mL and inter-and intra-assay COV \8 and 5 %, respectively.
Data analysis
An a priori sample size calculation indicated that 92 participants (46 per group) were required for this study. The sample size calculations were based on the published estimates of mean generic and cancer-specific domain scores in cancer survivors [9, 10] , an estimated difference of 25 % in mean scores between the survivors and the unexposed groups, type I, a, error of 0.05, power of 80 %, and equal number of exposed to unexposed. Individual comparisons between demographic and clinical characteristics of the participants based on exposure group were evaluated by Student's t test or Mann-Whitney U test as appropriate for continuous variables and chi-square test for categorical variables. Generic and cancer-specific domain scores were the primary outcomes of interest. Secondary outcomes included serum FSH, AMH and inhibin B levels, and total antral follicle count. Multivariable analysis was performed using linear regression to identify significant independent associations between several covariates (age, BMI, income, education, marital status, and pregnancy history) and QLACs overall and domains. Additional models examined the associations between quality of life and reproductive hormones (FSH, LH, E2, AMH, inhibin B, ovarian volume, and AFC), and interactions between these hormones and exposure status (cancer/control) were also examined. Data analysis was conducted using STATA version 12 (Stata Corp, College Station, TX, USA). Two-tailed p value\0.05 was considered statistically significant.
Results
Cancer survivors enrolled in this study were, on average, 14.1 years from diagnosis. Cancer survivors and healthy controls were similar in BMI, marital status, gravidity, and household income, as well as age (by design; Table 1 ). The majority of participants had not been pregnant. Significantly more cancer survivors reported concerns about fertility than the unexposed group (73 vs. 45 %, p = 0.002). Sixty-four percent of survivors (and all of controls) reported regular menstrual cycles off hormones for the prior year. Of participants with regular menstrual cycles, the mean cycle length was similar between groups. Survivors were assessed an average of 14.1 years (95 % CI 11.9, 16.3 years) from the time of cancer diagnosis. Leukemia and lymphoma were the most common cancer diagnoses, comprising two-thirds of survivors in this cohort (Table 2) . Fifty-four survivors (91.5 %) received chemotherapy treatment with an alkylating agent, two reported pelvic radiotherapy, and 9 (15.2 %) reported total body irradiation.
Survivors had significantly higher mean total QLACS scores compared to healthy controls (129.7 vs. 97.8, p \ 0.0001; Table 3 ). QOL score was not associated with time since cancer diagnosis. Additionally, survivors had significantly higher mean scores on every cancer-specific domain than the unexposed group, reflecting a lower quality of life. Of note, survivors had higher scores on generic domain scores of sexual problems, physical pain, and fatigue. Table 4 compares the baseline markers of ovarian reserve between the two groups. Cancer survivors appear to have some element of diminished ovarian reserve as reflected by significantly higher serum FSH (21.9 vs. 7.4 mIU/mL, p \ 0.001). While the mean serum AMH and total antral follicle count were significantly lower in the survivor group, these values were in the normal range and remained reassuring, when compared to the unexposed group.
We first evaluated the effect of measures of ovarian reserve on QLACS domain scores in the entire study population using linear regression. While QLACS score did show an association with some measures of ovarian reserve in univariate analyses (data not shown), these associations were no longer significant after adjustment for cancer status. We also examined models with an interaction between cancer status and measures of ovarian reserve and once again demonstrated that the variability in the QLACS score was a result of the case/control group and not the measure of ovarian reserve.
We then performed analyses restricted to the cancer survivor group to investigate the association between individual exposure factors and total, cancer-specific, and generic QLACS scores. Among survivors, cancer diagnosis was divided into three categories based on the prevalence in this cohort: 1 = leukemia, 2 = lymphoma, and 3 = other malignancies (sarcoma, Wilm's, breast, and germ cell tumors). Total QLACS score was significantly associated with cancer type. On average, women with lymphoma have higher scores than women with leukemia, though this did not reach significance (b coeff = 10.4, p = 0.19), and the women in the other malignancy category have significantly higher scores than women with leukemia (b coeff = 22.7, p = 0.007); however, there was no association with markers of ovarian reserve. This observation was similar when considering the cancer-specific domain score. Although cancer type was positively associated with cancer-specific QOL score (b = 3.2 p = 0.45 for lymphoma vs. leukemia patients, and b = 10.8 p = 0.016 for ''Other'' vs. leukemia patients), exposure to alkylating chemotherapy or pelvic and total body radiation did not correlate with this score. In addition, FSH, AMH, and total AFC were not significantly associated with cancer-specific scores. Examination of the general domain score demonstrates a loss of the association with cancer type.
Finally, within the survivor group, the findings that cancer type (a proxy for treatment regimen toxicity) is significant for the total overall score and for total cancer score hold true when adjusted for age and BMI in a ADD alkylating agent dose a 1 = leukemia, 2 = lymphoma, 3 = other multivariate model (Table 5) . Further, the association between total generic score and irregular cycles is also significant when controlled for age, BMI, and cancer type. Survivors with irregular cycles had increased generic scores of 15.6 points compared to women with regular cycles (p = 0.013), indicating lower quality of life compared to those with regular menstrual cycles. In unadjusted analyses, the associations that were significant with menstrual irregularity were domain scores on negative feelings, positive feelings, cognitive problems, and social avoidance. These remained significant in models adjusted for age, BMI, and cancer type.
Discussion
To date, few studies have examined the relationship between quality of life and ovarian function after cancer treatment. In this study, we assessed the relationship between measures of ovarian reserve and quality of life many years after cancer treatment. Reproductive concerns, particularly the ability to conceive, can be a source of anxiety and affect long-term quality of life for many cancer survivors. In our study, 73 % of survivors report being worried about fertility. Our findings are consistent with previous studies demonstrating that the possibility of parenthood is important to survivors. In fact, approximately 75 % of young adults without children at the time of cancer diagnosis report a desire for future fertility [12] [13] [14] . Recent studies have indicated that treatment-related gonadotoxicity and potential loss of fertility have a profound impact on young women, and can be more devastating that the cancer diagnosis itself [12, 15, 16] . This suggests that there may be a need for more formalized intensive counseling both prior to and after cancer treatment to aid patients in resolving or managing psychosocial sequelae resulting from infertility.
We found that quality of life appears to be significantly impaired in cancer survivors compared to similarly aged controls, even when remote from initial cancer diagnosis. Survivors enrolled in this study were, on average, 14.1 years from diagnosis and exhibited lasting adverse effects on long-term well-being. We found that cancer survivors had higher scores on total QLACS domain reflecting a poorer overall quality of life than healthy controls. In addition, survivors had higher scores on every factor included in the cancer-specific domain. Of note, survivors were particularly concerned about appearance and were distressed about cancer recurrence. Our findings are consistent with other studies of QOL in young cancer survivors. For example, a cross-sectional study of breast cancer survivors indicated that survivors face significant psychological burdens related to fear of recurrence and anxiety [17] . Carver et al. [18] examined the effect of demographic, medical, and psychosocial factors on different aspects of QOL and found that the stage of disease was associated with poor QOL and greater worry about financial problems and physical appearance [18] . The primary goal of the current study was to determine whether ovarian function was independently associated with QOL scores in this population. Overall, we found that measures of ovarian reserve did not appear to be independently associated with quality-of-life scores. Although cancer survivors had elevated serum FSH and LH levels, and lower AMH levels consistent with diminished ovarian reserve, these markers were not independently associated with QLACS score.
However, we did find that among survivors, the presence of irregular menstrual cycles was associated with QOL scores. Our study suggests that reproductive aging contributes to QOL in the setting of irregular menses. Participants with irregular menstrual cycles most likely had more profound impairment of ovarian function and were later in the menopausal transition, a time when menopausal symptoms begin to occur [19] . Because most of the participants in the present study were menstruating and did not have menopausal symptoms, it was not possible to assess the association between menopausal symptoms and quality of life. We acknowledge this as a limitation of our study. However, it is likely that subclinical changes in ovarian reserve do not impact QOL, whereas more obvious clinical manifestations such as irregular cycles and menopausal symptoms contribute to decreased measures of quality of life. We found that survivors' self-assessment of negative and positive feelings, cognitive problems, and social avoidance was associated with menstrual cyclicity. These psychosocial concerns should be addressed in the setting of cancer survivorship care.
Overall, there are few reports of how diminished ovarian reserve and premature ovarian failure impair QOL in cancer survivors. Most studies have assessed the impact of menopausal symptoms on QOL in breast cancer survivors. For example, Ganz et al. found that breast cancer survivors reported more frequent menopausal symptoms and general health concerns than healthy controls. Furthermore, Carpenter et al. also found that breast cancer survivors with hot flushes had a lower self-reported QOL and were more likely to have been treated with chemotherapy. In a crosssectional study of QOL in 291 long-term breast cancer survivors, those with hot flashes were more likely to report that cancer had affected their overall health and QOL [20] . These data indicate that the clinical manifestations of the menopause are associated with impaired measures of quality of life.
Our findings suggest that factors outside of reproductive potential and ovarian function principally impact quality of life experienced by cancer survivors. In addition, baseline characteristics including age and socioeconomic status, such as education level and household income, did not influence quality of life. In this study, cancer type serves as a surrogate marker for severity of treatment and significantly affected the cancer-related QOL but did not demonstrate an influence on generic QOL domains. We also found that cancer survivors in this study were more likely to report sexual problems compared to similaraged healthy women without a history of cancer. This finding is consistent with other reports of psychosexual problems in childhood cancer survivors [21, 22] . Additional studies assessing specific measures of sexual function may help to delineate the mechanisms underlying this association and potential therapeutic measures that may improve sexual function in this population.
This study has several strengths. Recall bias was minimized by prospective enrollment, and valid comparisons were made to an unexposed control population of similar age. Confounding has been reduced by restricting the study to females without other medical causes of ovarian dysfunction, who are not pregnant, lactating, or using exogenous hormones. Unlike some other studies, a comprehensive evaluation of measures of ovarian reserve was performed and hormone variability minimized by obtaining early follicular phase measures. Cancer diagnoses and treatments were validated with medical records to diminish misclassification bias. In addition, the use of the QLACS in this population is appropriate since this is a validated questionnaire, which considers functioning and patient satisfaction with functioning [10] , developed specifically for cancer survivors C5 years from diagnosis and provides a multidimensional approach to quality of life. In addition, the QLACS is one of the few instruments that explore the late effects of cancer, with emphasis placed on survivorship, not disease. The questionnaire is responsive to long-term followup of survivors [10] and to life changes [9] . The QLACS provides a useful tool for assessing health-related QOL among cancer survivors that are not addressed by generic instruments or those designed for newly diagnosed patients, which can be applied both to clinical assessment and research purposes.
Several potential limitations should be considered in this study. The study sample consisted primarily of white survivors and lacked ethnic diversity, which limits the generalizability of the findings to other populations. This is a cross-sectional analysis, and therefore, these data only reflect a single point in time. Longitudinal administration of the QLACS, with the analyses of repeated measures starting at diagnosis and determined periods of long-term survival, would be helpful to confirm the associations over time. While administering the same questionnaire to diseased and healthy populations is a common approach for assessing the impact of a particular disease on health status, it is difficult to compare general health status scores in cancer survivors with those for the general population. In addition, survivors enrolled in our study were younger at the time of cancer diagnosis than typically assessed by the QLACS instrument, which makes it difficult to compare our results to other studies. It would be helpful to compare our findings with those of other similar studies utilizing different quality-of-life instruments [23, 24] .
There may be a role for in-depth qualitative research in broadening the understanding of the determinant of quality of life in young cancer survivors. Open-ended survey questions and in-person interviews that allow for survivor narratives of quality of life may address issues and problems not identified by instruments like the QLACS. In addition, further investigation into the association between menstrual dysfunction, early menopause, and menopausal symptoms on QOL in a larger study of young cancer survivors may be informative.
Over the past few decades, emerging interest in long-term survivorship issues has prompted multiple investigators to explore the physical, emotional, psychosocial, and sexual health of cancer patients. While initial studies focused primarily on assessing outcomes after initial diagnosis, early detection and improved therapeutic options have considerably enhanced long-term survivorship. The large number of women surviving many years to decades beyond their diagnosis has enhanced interest in the late effects of cancer and its treatments on quality of life. Assessment of healthrelated QOL issues in cancer survivors is widely promoted [10] , although a single, validated QOL questionnaire has not been standardized in this patient population. Multidimensional tools such as the QLACS may help identify cancer late effects that clinicians should monitor and determine which patients may benefit from additional services and interventions. In this study, we found that quality-of-life scores assessed by the QLACS are impaired in young cancer survivors; they do not appear to be associated with measures of ovarian reserve overall. However, QOL scores were lower in women with irregular menstrual cycles, suggesting that more profound changes in ovarian function may impact QOL in this population. Understanding determinants of QOL in this population may help to identify ways to manage late effects of treatment and improve comprehensive survivorship care.
